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A new shortbilled marlin of the genus l11akaira, from the Yorktown Formation (Early
 
Pliocene), eastern North Carolina at Lee Creek Mine, USA
 
HARRYL. FIERSTINE 
Abstractr. An unusually short rostrum from the Yorktown Formation, Early Pliocene, eastern North Carolina at Lee Creek Mine, USA, is de­
scribed as a new species, tMakaira purdyi. The rostrum is morphologically distinct from any Recent or fossil istiophorid in the following com­
bination of characters: (I) fused portion ofpremaxillae is short and stout with denticlcs covering at least the distal one-half of its dorsal surface; 
(2) at one-fourth bill length, the cross-section is nearly round (depth/width = 0.95). The new marlin is distinguished from the extant shortbill
 
spearfish, Tetrapturus angustirostris, and any istiophorid with a short rostrum caused by injury.
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INTRODUCTION 
Out of the approximately 400 bones of billfish 
(Osteichthyes; Teleostei: Perciformes: Istiophoridae) 
identified from the Yorktown Formation (Early Pliocene), 
eastern North Carolina at Lee Creek Mine, USA, only one, 
an unusually short rostrum (USNM 481933). was thought to 
possibly belong to a new taxon (Fierstine in press). Because 
of insufficient morphological information at the time, there 
was no attempt to identify the specimen beyond the family 
level (Istiophoridae genus and species indeterminate). The 
following is a more thorough examination of the bill using 
computer tomography and the methodology of Fierstine & 
Voigt (1996) and Fierstine (1998, in press) of converting 
measurements to ratios, treating ratios as variables, and 
comparing them to ratios computed from Recent and fossil 
istiophorid species. 
MATERIALS AND METHODS 
Fierstine & Voigt (1996) and Fierstine (1998, in press) list 
the size range and general collecting locality for each Recent 
species examined, and the institutions that house the 
material, The museum number, osteological material, 
geological age, and locality are given in the text for each 
fossil specimen. 
Institutional abbreviations.--- BMNH, British Museum 
(Natural History), London, England; IRSNB, Institut Royal 
des Sciences Naturelles de Belgiques, Brussels, Belgium; 
LACM, Natural History Museum of Los Angeles County, 
California, U.S.A.; MNHN, Museum National d'Histoire 
Naturelles, Paris, France; USNM, United States National 
Museum of Natural History, Washington, D.C., U.S.A. 
t --denotes extinct taxa. 
Because the rostrum of the new species is a distal segment 
(Plate I; Table 1), only features of the distal rostrum ofother 
istiophorid species (Tables 2, 3) were used for comparison. 
Using the size and position of the prenasal as a guide 
(Fierstlne, 1998), O.25L (one-fourth the distance between 
the distal tip and the orbital margin of the lateral ethmoid) 
was estimated to be 120 rnm from the distal tip of the 
rostrum. Morphometric characters studied at O.25L (Text­
fig 1; Table 1) were depth (02) and width (W2) of the 
rostrum, height (H2) and width (N2) of the left nutrient 
canal, distance between the right and left nutrient canals 
(IC2), and distance of the left nutrient canal from the dorsal 
surface (002). The latter four characters were measured in 
cross-section from a CT image (plate 1, fig 4). Characters 
studied without reference to region were the distribution of 
denticles on the dorsal surface (DZ), length from distal tip of 
ventral midline covered by denticles (DVS), distance ofthe 
anterior border of the prenasal from the distal tip of the 
rostrum (P), and length of fused portion of the rostrum in 
ventral view (VSPM). 
Species identification was accomplished by using a variation 
of the method of Fierstine (1998). Length and width 
characters were converted to ratios (proportions) and 
compared to ratios computed from a series of rostra from 
Recent istiophorid species (Tables 2, 3) and to ratios 
computed from other istiophoridfossils (Table 4). If a ratio 
fell within the range ofone or more Recent or fossil species, 
then it was scored for each species that contained the ratio. 
Because some of the scores fell outside the observed range 
of Recent and fossil species, differences were analyzed to 
decide whether the rostrum was a variant of a Recent or 
fossil species, or a new taxon. 
SYSTEMATIC PALEONTOLOGY 
Class ACTINOPTERYGII (sensu Nelson, 1994)
 
Division TELEOSTEI (sensu Nelson, 1994)
 
Order PERCIFORMES (sensu Johnson & Patterson, 1993
 
Suborder SCOMBROIDEI (sensu Carpenter et al., 1995)
 
Family ISTIOPHORIDAE (sensu Robins & deSylva, 1960)
 
Genus 1I1akaira Lacepede, 1802 
Makaira purdyi sp, nov. 
Plate 1; Tables 1-4 
Holotype: USNM 481933, a partial rostrum. 
Horizon and Locality: Lee Creek Mine, located near 
Aurora, Beaufort County, eastern North Carolina, United 
States (350 23' 40"N: 076047' 30"W) , is a large phosphate 
deposit mined by the Phosphate Corporation of 
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Text-fig. I. Rostrum of a generalized istiophorid (modifi ed from 
Fierstine & Voigt. 1996).
 
A, left lateral view; B, dorsa l view; C, ventral view; D, cross­

section at O.2 5L {one-fourth the distance from tip to orbita l border
 
of lateral ethmoid}.
 
DE = denn ethmoid; OR B = orbit; PS = parasp henoid.
 
See text for other abbrev iations.
 
Saskatchewan . Th e Hol ot ype (USNM 4819 33) was 
co llected by P. J. Hannatu k from the wea thered surface of 
a spoi l windrow (fo rmed by dredging operations) from 
either Zone 1 or 2 of the Yorktown Formation, Zone I 
conta ins sediments of open marine, inner to middle-shel f 
environments that were deposited at depths of 80m to 
100m , and Zo ne 2 conta ins sediments of regressive, 
marginal marin e environments that accumulated at 30m or 
less (Gibson, 1983: 75-76). 
Age: Haze l ( 1983: 97 ) conc luded that the Yorktown 
Form ation at Lee Creek Min e is of Early Plioce ne age and 
dated both zones at 4.4 -5 .0 my, based on plan ktonic 
foraminfers and rad iom etric datin g of a stratigraphically 
equi valent site . 
Etymology: Named for Rob ert W . Purdy (USNM ) in 
recogniti on of his long-standing study of the ichth yofauna 
at Lee Creek Mine . 
r 
Oeplh (02) 
l-
Canal 
Diagnosis: A Makaira with a very short ros trum that has a 
nearly round cross -sec tion at 0.25 L. Prenasals term inate 
close to the distal tip . Denticles cover the anterior dorsal 
surface of the ros trum, including the prenasals and the area 
between them . 
Description: The specimen is a 2 16 mm lon g di stal 
segment of a rostrum that had an estimated bill leng th (L) of 
480 mm (Ta ble I ). The greatest width and depth of the 
specimen are at the proxima l end of the section, 45 .0 mm 
and 36 .0 mm, respectively. The specimen co nsists of paired 
prema xillae and prenasals. At the ventral midline 160 111m 
from the d istal tip, the premaxillae fuse (VSPM) into a 
single structure. Both prenasals taper di stally, termi nating 
60 mm from the distal tip (P). At 0.25L, depth (D2 ) and 
width (W2) of the bill are 33. 7 mm and 35.6 rnrn , 
respectively, forming a nearly round cross-section. Viewed 
in cross-section at 0.25L: the height (H2) and wid th (N2) of 
the left nutrient canal are 5.5 mm and 2.0 rnm, respect ive ly; 
the paired canals are 6.8 mm apart (JC2 ); and the left canal 
is 19.2 mm from the dor sal surface of the rostrum (D02). 
Although most denti cles are worn from the surface of the 
specimen, numerous alveoli, that presumably contained 
den ticles when the fish was alive, are preserved. A large, 
more or less continuous patch of a lveo li is present on the 
midventral and left lateral surfaces of the fused portion of 
the rostrum . Some very worn alv eo li are scattered on the 
ventral surface of the div ided port ion of the premaxillae and 
are estimated to fuse into the midve ntral patch (OVS) about 
11 5.0 mm from the dista l tip. A large patch of alveo li is 
STRUCT URE 
MEAS UREMENTS 
(MM) 
Overall length 216.0 
Greatest width 45.0 
Greatest depth 36 .0 
Bill Length (L) , est imated 480.0 
0 2 33.7 
W2 35 .6 
002 *19.2 
H2 *5.5 
N2 *2.0 
TC2 *6.8 
DZ 8 1.5 
DVS, estimated 115.0 
P 60 .0 
VSP M 160.0 
Table 1. Measuremen ts of the rostrum of t Makai ra purdvi sp.
 
nov., Holotype, (USN M 481933).
 
Abbreviations defined in text and illustrated in Text- fig. I.
 
As ter isks (*) indicate measurem ent s that we re taken from
 
computer tomography (CT) scans and not di rect ly from the
 
specimen.
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VARIABLES 
USNM 
481933 
lstiophorus 
platypterus 
Makaira 
indica 
Makaira 
nigricans 
Tetrapturus 
albidus 
Tetrapturus 
angustirostris 
Tetrapturus 
audax 
Tetrapturus 
pfluegeri 
X(or)N X(or)N X(or)N X(or)N X(or)N X(or)N X(or)N 
D2/W2 .95 .64(.55-.75)30 .68(.58-.77)10 .64(.54-.83)41 .53(.47-.61)14 .61(.58-.64)3 .61(.52-.67)13 .65(.65)2 
H21D2 .16 .18(.11-.26)28 .10(.08-.12)9 .12(.06-.21)32 .12(.09-.14)7 .11(.07-.14)2 .12(.09-.14)8 (.15)1 
DD2ID2 .57 .38(.28-.46)28 .46(.38-.51)9 .47(.22-.64)32 .40(.32-.43)7 .63(.62-.63)2 .46(.41-.55)8 .49(.48-.50)2 
IC2/W2 .19 .14(.06-.21)27 .13(.11-.16)7 .12(.04-.25)32 .16(.13-.20)7 o43(040-.45)2 .18(.13-.25)8 (.24)1 
D2IVSPM .21 .03«.03-.04)25 .06(.05-.08)8 .04(.04-.05)35 .04(.03-.05) 12 .15(.13-.19)3 .04(.03-.05)12 .05(.05-.06)2 
PIVSPM .38 .58(.45-.83) 17 .53(.48-.60)8 .51(.38-.87)33 .53(.42-.66)11 .39(.30-.45)3 .48(.38-.57)12 .55(.55-.56)2 
W2IVSPM .22 .05(.04-.06)24 .09(.07-.10)8 .07(.05-.08)35 .07(.06-.09)12 .24(.20-.30)3 .06(.05-.08)12 .08(.07-.09)2 
P/D2 1.8 18.8(13.0-23.2)18 9.1(7.3-10.5)8 11.9(8.9-20.1 )41 14(l 0.9-21.3) 12 2.7(2.3-3.3)3 12.9(10.8-16.1)11 10.6(9.8-11.3)2 
P/W2 1.7 12(8.7-14.0)17 6.1(5.1-7.3)8 7.6(5.9-12.0)41 7.6(5.7-10.0)12 1.6(1.4-2.1)3 7.9(6.7-9.5)11 6.9(6.4-7.4)2 
DZiP 1.4 1.4(.76-2.5)18 .30(.10-.50)9 .04(.00-.11)37 2.4(1.5-3.3)9 .00(.00)3 .93(.30-2.0)9 .00(.00)2 
(Yes/No)n (Yes/No)n (Yes/No)n (Yes/No)n (Yes/No)n (Yes/No)n (Yes/No)n 
Denticles 
on 
prenasal 
Yes (8/23)31 (0/10)10 (1136)37 (9/1)10 (0/3)3 (2/8)10 (0/2)2 
Table 2. Variables oft Makaira purdyi sp. nov., Holotype (USNM 481933) compared with the mean (X), observed range (or). and number
 
of rostra examined (n) for the same variables of seven extant speciesof the family Istiophoridae.
 
Abbreviationsfor variables are explained in the text and illustratedin Text-fig. I.
 
present on the dorsal surface of the rostrum between the 
distal prenasals (DZ), 81.5 mm from the distal tip. Two or 
three denticles are present on the distal left prenasal and 
may be all that remains of a more extensive covering. 
Remarks: Of the II variables examined on the rostrum of 
tM. purdyi (Table Z), five (HZ/OZ, DOZ/OZ, ICZ/WZ, 
P/VSPM, and denticles on prenasal) fall within the 
observed range of extant M. nigricans, four (H2/02, 
ICZ/W2, DZ/P, and denticles on prenasal) within the range 
of extant Istiophorus platypterus, four (IC2/W2, P/VSPM, 
OZ/P, and denticles on prenasal) within the range of extant 
Tetrapturus audax, three (P/VSPM, WZ/VSPM, and P/W2) 
within the range of extant T angustirostris, two (IC2/W2 
and denticles on prenasal) within the range of extant T 
albidus, and none within the range of extant M. indica and 
T pjluegeri. Five variables (H2/0Z, IC/W2, P/VSPM, 
OZ/P, and presence of denticles on prenasal) fall within the 
range of two or more species of extant istiophorids, and 
ratio 002/02 falls only within the range of extant M. 
ntgrtcans. Three ratios (02/WZ, OZ/VSPM, P/OZ) fal! 
outside the observed range of all extant istiophorids and 
VARIABLES lstiophorus Makaira Tetrapturus (w/o T. 
angustirostris) 
Tetrapturus 
angustirostris 
OUTSIDE ALL 
D2/W2 X 
H2/D2 X X 
DD21D2 X 
IC2/W2 X X X 
D2IVSPM X 
PIVSPM X X X 
W2/VSPM X 
P/D2 X 
P/W2 X 
DZ/P X X 
Denticles on 
prenasal 
X X X 
Table 3. Variables of tMakaira purdyi sp. nov.• Holotype(USNM 481933) that fall within the combined range of variables for each genus of 
the seven extant species listed in Table 2 (except T. angustirostris is listed Same 
-..l 
.,J::.. 
VARIABLES 
USNM 
481933 
/stiophorus 
platypterus 
Yorktown 
Fm. 
Lee Creek 
Mine 
E. Pliocene 
/stiophorus sp., 
a.t. 
platypterus 
(=tI. calvertensis 
Holotype) 
USNM 9344 
Eastover Fm. 
L. Miocene 
tMakaira 
courcelli 
Holotype 
MNHN 
250 
E. Pliocene 
M. nigricans 
(=tM. 
belgicus 
Holotype) 
IRSNB 
Pl117 
M. Miocene 
Makaira sp., 
cf.M. 
nigricans 
USNM 
375733 
Eastover 
Fm. 
L. Miocene 
M. 
nigricans 
LACM 
17693 
Monterey 
Fm. 
L. Miocene 
M. 
nigricans 
Yorktown 
Fm. 
Lee Creek 
Mine 
E. Pliocene 
Makaira sp., 
cf.M. 
nigricans 
Yorktown 
Fm. 
Lee Creek 
Mine 
E.Pliocene 
tM. 
panamensis 
Holotype 
USNM 
181710 
Chagres 
S.S. 
L. Miocenel 
E. Pliocene 
tM. 
teretirostris 
Holotype 
?M. 
Miocene 
X(or)n X(or)n X(or)n 
D2/W2 
.95 .69(.68-.69)2 .69 .66 .80 .70 .76 .76(.66-.83)36 .90(.86-1.0)4 .76 .84 
H2/D2 
.16 .24(.22-.25)2 .27 --­ .15 .18 .17 .15(.06-.22)16 .09(.06-.12)2 .27 .11 
DD2/D2 
.57 .44(.43-.45)2 .39 
-­
.34 .47 .56 .52(.40-.62)16 (.57)1 --­ .56 
IC21W2 
.19 
-­
.12 
-­ -­
.11 --­ --­ --­ --­ .15 
D2/VSPM 
.21 
--­ -­ --­ --­ --­
--­ --­
P/VSPM 
.38 --­ --­ -­ --­ --­ -­ --­ -­ --­
W2IVSPM 
.22 
-­ --­ --­ --­
--­ --­ --­
P/D2 1.8 
-­
8.0 10.0 --­ 8.2 9.0 4.4(2.9-6.3)11 2.8(2.7-2.9)3 --­ --­
P/W2 1.7 
--­
5.5 6.6 --­ 5.8 6.9 3.4(2.3-5.1)11 2.5(2.3-2.7)3 --­ --­
DZ/P 1.4 
--­ .34 --­ --­ --­ -­ .49(.38-.59)3 (.81)1 --­ -­
(Yes/No/?)n (Yes/No!?)n (Yes/No/?)n 
Dentieles 
on 
prenasal 
Yes (0/1/4)5 ? ? ? ? ? (2/6/30)38 (2/0/3)5 ? ? 
"'r:I 
tTl 
:::0 
r./J
-1 
Z 
tT:I 
Table 4. Variables oftMakaira purdyi sp. nov., Holotype (USNM 481933) compared with the same variables often fossil istiophorid assemblages representing eight different taxa. The mean (X),observed range (or), 
and number of rostra examined (n) are given where more than one specimen was examined. Modified from Fierstine (1998, in press). Same variables as in Tables 2,3. 
75 PLIOCENE MARLIN 
thus are unique to tM. purdyi. 
When the observed range of values of the extant 
istiophorids listed in Table 2 are combined into a range of 
values for their respective genera (Table 3), tM. purdyi 
seems to have more in common with Tetrapturus (combine 
data in columns four and five of Table 3) than Makaira. 
However, many of the features used to identify species in 
this study are probably a mixture of derived and primitive 
characters (see Table 5 and discussion below) that often 
exhibit homoplasy. For example, the three ratios (P/VSPM, 
W2/VSPM and P1W2) of tM. purdyi that fall within the 
range of extant T angustirostris (Tables 2, 3) are probably 
homoplasies resulting from both species having a very short 
bill and are not necessarily the result of genetic similarity. 
When T. angustirostris is removed from consideration, 
then Makaira is the genus with morphologies most similar 
to the Lee Creek rostrum (Table 3). 
It is difficult to compare tM. purdyi with other fossil 
istiophorids because most rostra are either not as well­
preserved or cross-sectional data is unavailable (Table 4). 
Of the eleven variables studied, three ratios (D2/VSPM, 
P/VSPM, and W2NSPM) are not preserved in other fossil 
specimens, four variables (D2/W2, H2JD2, DD2/D2, and 
presence of denticles on prenasal) fall within the observed 
range or near the values ofM. nigricans or Makaira sp., cf. 
M. nigricans, and four ratios (lC2/W2, P/D2, P/W2, DZ/P) 
fall outside the observed range of all fossil istiophorids. 
Although there are numerous records of healthy billfishes 
with broken, malformed, or missing rostra (Frazier & seven 
others, 1994), I believe the rostrum of tM. purdyi is 
naturally short and not the result of abnormal development 
or damage. Because rostra are not regenerated and nutrient 
canals become exposed at the broken end when a distal 
segment is missing, foreshortened rostra are obvious in 
both extant and fossil istiophorids (Fierstine & Voigt, 1996; 
Fierstine, 1998, in press). The rostrum of tM. purdyi is 
bilaterally symmetrical and tapers gradually to its distal tip. 
No nutrient canals are visible externally and there is no 
indication of abnormal development. In cross-section at 
CHARACTER STATE 
PRIMITIVE DERIVED 
Short (L and VSPM would be short) Long (L and VSPM would be 
long) 
Denticles absent on dorsal surface 
(DZ=O) 
Denticles present on dorsal 
surface 
Two narrow or multiple bands of 
villiform denticles (teeth) 
Single broad band of 
viIJiformdenticles (teeth) 
Two or more pairs of nutrient canals One pair of nutrient canals 
0.25L, one nutrient canal is slightly larger than the other, 
but this internal asymmetry has been noted in other 
istiophorids (Fierstine & Voigt, 1996; Fierstine, in press) 
and is not correlated with short rostra. 
A few morphological features of the rostrum have been 
used to determine relationships within the Istiophoridae. In 
a phenetic analysis, Nakamura (1983: 351, Table 4) coded 
both short and slender bills as primitive, and long and stout 
bills as derived features. He stated that among living 
istiophorids, T. angustirostris (shortbilled spearfish) had 
many of the features of his ancestral billfish. In a classical 
evolutionary approach to systematics, Schultz (1987) used 
the presence or absence of an edentulous region on the 
ventral surface of the rostrum to divide the Istiophoridae 
into two families and used rostral characters in his generic 
diagnoses. He never stated what he considered primitive or 
derived characters or gave a phylogenetic or cladistic 
analysis. Features of the rostrum have figured prominently 
in cladistic analyses of the Scombroidei (Collette and five 
others, 1984; Johnson, 1986; Carpenter et al., 1995), but 
none were used to determine relationships within the 
Istiophoridae, with the possible exception that the authors 
considered an elongate premaxillary bill and a broad band 
ofvilli form teeth (denticles) on the jaws as synapomorphies 
in adult billfishes. Although, relationships within the 
istiophorids are not within the scope of this study, based on 
the above discussion and published accounts, I have listed 
some possible primitive and derived features of the rostrum 
in Table 5. The character states are unknown for most 
structures and variables (ratios) used to identify tM purdyi 
(e.g., D02, H2, IC2, N2, P, D2/W2, H2/D2, DD2/D2, etc.). 
Relationships aside, tM. purdyi is morphologically distinct 
from any extant or fossil istiophorid and its presence in the 
Yorktown Formation marks the only known occurrence of 
the species. Its rarity is not unusual because there are three 
extant istiophorid species in the North Atlantic Ocean today 
that are either considered rare (T. georgei) or uncommon 
(T belone, T pfluegerii (Nakamura, 1983, 1985). 
REFERENCE OR EXPLANATION 
Nakamura (1983), Johnson (1986) 
Fierstine & Applegate (1974), Fierstine & Voigt 
(1996), Schultz (l 987); absent in some species of 
Tetrapturus , all scornbrids, and in 
tXiphiorhynchus spp. and extinct "billfish" groups 
(e.g. Blochius, Cylindracanthus, etc.) 
Johnson (1986), Schultz (1987); two narrow or 
multiple bands found in some extinct "billfish" 
groups (e.g., Aglyptorhynchusi 
Fierstine & Applegate (1974), Schultz (1987); two 
or more pairs of nutrient canals present in 
tXiphiorhynchus spp. and some extinct "billfish" 
groups (e.g. Aglyptorhynchuss 
Table 5. Fourfeatures of the istiophorid rostrum and their probable character states. Abbreviations are defined in text. 
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Plate I. 
i Makaira purdyi sp. nov., Holotype (USNM481933), Yorktown Formation, early Pliocene, eastern NorthCarolina at Lee Creek Mine, USA. 
Fig. I. Dorsal view. Scale =5 em.
 
Fig. 2. Lateral view. Scale same as fig. I.
 
Fig.3. Ventral view. Scale same as fig. 1.
 
Fig. 4. Computer tomography image at O.25 L (one-fourth the distance from tip of rostrum to estimated orbital border of lateral ethmoid). An
 
opaque marker (artifact) is on the dorsal surface. Scale =10 mm.
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